Cold atmospheric plasma (CAP) has received great attention due to its noteworthy ability, and has also been widely studied over few decades in physics, biology and medicine. The purpose of this study is to evaluate the cold atmospheric pressure plasma effects on the proliferation of breast cancer cells. MDA-MB-231 was used for this experiment. MDA-MB-231 cells were cultured in 24-well plate and treated with non-thermal plasma. The viability of the cancer cells was determined by MTT assay. Different input power was applied in this experience (20-35W), and treatment time was between 5s and 25s. For reducing thermal damage, gas temperature was less than 37 ˚C. The Viability of breast cancer cells was significantly decreased after plasma treatment. The results showed that viability was decreased with an increment of plasma power and plasma exposure time. These results suggest that non-thermal atmospheric pressure plasma could strongly have cytotoxicity effect on cancerous breast cell.
Introduction
Cold atmospheric pressure plasma involves partially ionized gas at low temperature in addition reactive species, electrons, positive and negative ions, excited molecules, UV photon and transient electric field (1) . In last decades, cold atmospheric plasma (CAP) has been widely used in various fields. Plasma treatment has been used for materials processing in order to impart desired surface characteristics on paper, plastics, semiconductors, textiles (2) (3) (4) (5) , agriculture (6) and biomedical application such as bacterial inactivation (7, 8) , dental whitening (9) , wound healing (10) , cancer cell treatment (11, 12) , viral destruction (13) . The temperature of all species in cold plasma is close to room temperature, allowing its application to living tissue temperature (14) . Feasibly the most fascinating application in biology is the possible paradigm shift in cancer therapy. It has been shown repeatedly in literature that cold atmospheric plasma, when applied to cancer cell, induces the apoptotic pathway (15, 16) . Different cancerous cell lines were investigated in the last decade, melanoma (17), C6 Glioma (1), lung carcinoma cells (18) , etc. In this study, we considered triple negative MDA-MB-231 breast cancer cell and investigated the effects of cold atmospheric pressure plasma with different input power (20-35W) and different exposure time (5-25 second).
Materials and Method Plasma device
Schematic diagram of plasma setup is shown in (figure 1). The Central electrode is connected to RF (Radio Frequency) signal with frequency 13.56 MHz, via an impedance-matching network. The central electrode is a steel wire of 1mm diameter and grounded cylindrical electrode is steel with an inner diameter of 5mm, between two electrodes there is a glass as dielectric covered with Teflon strip. With an atmospheric pressure argon flow rate of 400-650 (10-14 mbar l/s), stable plasma was struck as shown in (figure 2). The gas temperature at tip of plasma was measured using a (JUMO iTRON 04) at the position of sample. As shown in ( Figure 3 ) gas temperature at different RF power in the sample point was below 37 ˚C for all cell experiments reported here. For our experiment the input RF power was low and gas flow rate was sufficiently high, both helpful in cooling down the gas effluent.
Cell culture
Experiments were conducted with human breast cancer cells MDA-MB-231 (Pastor Institute, Tehran, Iran). The cells were cultured in RPMI (Bioidea, Iran) and 1% penicillin and streptomycin (Bioidea, Iran) supplemented with 10% fetal bovine serum (Gibco, England). Cultures were maintained at 37 ˚C in humidified incubator (Binder incubator) containing 5% CO2.
In order to evaluate the growth of the cells, invert microscope (Carl Zeiss invert microscope) was used to observe. The cells (10 5 cells per-well), plated in 24 wellplates. After 24 h, cancer cells were exposed to the nonthermal plasma with different power of RF generator and different exposure time 5, 10, 15, 20 and 25 s.
MTT assay
The viability of the MDA-MB-231 cells was determined using MTT assay which is a colorimetric assay for assessing activity of mitochondria and cellular dehydrogenate enzymes. MTT =3-(4,5dimethylthylthiazol-2-yl)-2,5-diphenyltetrazolium bromide is a yellow tetrazolium salt, which is transformed into purple Formozan because of mitochondria dehydrogenase in the living cells and causes color changes in the environment.
After 24h incubation at 37 ˚C (19) , MTT solution was added into each well and the plates were then incubated for 3 to 4 hours at 37 ˚C. After incubation, the solution was removed and 1 ml DMSO (Dimethyl sulfoxide) was added to cells in order to dissolve crystals. The absorption was read by photo spectrometer at wavelength of 570 nm. The experiment was repeated two times, and two samples were placed at each repetition. Non-thermal atmospheric pressure plasma is shown in (figure 2). Cells were plated in the 24-well plate at density of 10 5 cells per well, then treated with plasma in (5, 10, 15, 20, 25 , and 30s) and power of RF generator was at 20, 25, 30 and 35 Watt. The viability of the MDA-MB-231 cells is examined by MTT assay. Cell viability can obtain with equation 1:
(1)
Results
The input power of 20w has been applied for the cancer cells treatment, exposure time was 5-25 seconds. In this test, the survival reduction has been observed as shrinkage so that these morphological alterations increased with the increment of exposure time. In order to comparison evaluate between times and input power, general trend has been shown in ( figure 6 ) that indicate the effects of exposure time and input power on the survival of the cancerous cells. According to the MTT assay and morphological observation of cancer cells, with increasing input power and exposure time the viability of the cell will decrease.
Discussions
The cold atmospheric pressure plasma treatment on cells can lead to a raised level of free radical, which has an impact on cellular activity and elucidates the decrease of cell viability. In the initial period of using plasma in medicine, a huge number of paper have been published to characterize several effects of CAP on healthy and cancer cells in vitro. Despite the use of different plasma sources, working gases, cell types, experimental setups, etc. some general plasma effects on biology have been described many times (20) (21) (22) (23) (24) . Based on this fundamental knowledge on general reaction of living cells and tissue to plasma treatment, more basic studies have been done to understand and elucidate mechanisms of these biological effect using highly intricate cell biological and molecular biological techniques. The biological effects of CAP are based on two major fundamental principles as: 1. Biological plasma effects are significantly caused by plasma impelled changes of the liquid environment of cells.
2. Reactive nitrogen and oxygen species (RNS, ROS) that are generated in or transferred into liquid phases play an important role in plasma-induced biological responses.
Other plasma ingredients like UV radiation or electrical current/electrical fields are considered to play supplementary roles in the active plasma. However, UV part of cold plasma is estimated to have low or no direct biological effects because typically low doses are emitted by plasma devices chosen for medical use. But its supporting role in reactive species generation has to be taken into consideration. Electrical fields or current, respectively, reaching living tissue depends strongly on the type of discharge and therefore will cause varying direct biological effects. Much more research is needed in this field to finally construe the role of plasma compound for its possible direct part in biological and medical related plasma action but also for its role in the generation or support of the action of other plasma ingredients, above all of reactive species (25) . Although these RS generated in the gas phase plasma cannot directly react with the cells due to the protection rendered by the nutrient solution, they can initiate various chemical reactions at the gas-liquid interface and then form large amounts of primary and secondary RS such as ( 
It is difficult to discern the concentration of shortlived reactive species in the plasma-treated solution due to the short half-life and high reactivity.
However, the presence of the long-lived reactive species in the aqueous phase can provide indirect proof of the existence of short-lived reactive species according to the aforementioned reactions. As shown in chemical reactions, these ROS/RNS in the liquid produced by plasma are important intermediates in biological reactions, but it is not clear what the exact roles these ROS/RNS play in cell apoptosis. The result suggests that cell inactivation and damage are depended on to increase RS concentration in the medium.
Conclusion
RF atmospheric pressure plasma was used for treatment of human breast cancer cells MDA-MB-231.By controlling the RF input power and the gas flow rate argon gas, the gas temperature was found below 37 ˚C and plasma effects were predominantly non-thermal. Regarding to the result, breast cancer cells viability directly depends on exposure time of plasma and input power to the system. Mechanism of cell death is not clear yet but ROS and RNS generated in the plasma and medium have important role in cell survival attenuating.
